We examined the hypothesis of top-down (predator) control of plankton populations around the Aleutian Islands and in the southern Bering Sea using a 15 year time ser-
| INTRODUCTION
The disparity in odd and even year class strengths of Pink Salmon (Oncorhynchus gorbuscha) in the North Pacific is a well known phenomenon which has shown ecological impacts in some regions; for example, on seabirds across the Aleutian Islands and southern Bering Sea (Springer & van Vliet, 2014) , on Sockeye Salmon (Oncorhynchus nerka; Ruggerone, Zimmermann, Myers, Nielsen, & Rogers, 2003; Ruggerone et al., 2016) , and other species of salmon (Ruggerone & Nielsen, 2004; Shaul & Geiger, 2004) . Pink Salmon have a distinct 2 year life cycle and represent nearly 70% of the combined wild and hatchery salmon species found throughout the North Pacific (Ruggerone, Peterman, Dorner, & Myers, 2010) .
Commercial ships have towed Continuous Plankton Recorders
(CPRs) on a great circle route from the west coast of North America to ports in Asia to provide taxonomically resolved abundance data on larger phytoplankton and robust, mostly crustacean, zooplankton as part of a large-scale monitoring program in the North Pacific.
Summer observations have been collected each year from 2000 to 2014 around the Aleutian Island chain as the vessels entered and exited the southern Bering Sea. Interannual variability in plankton populations at large (regional to basin) scales has often been linked to ocean climate forcing with warm or cool conditions causing a change in species composition and often abundance (e.g., Chiba, Batten, Sasaoka, Sasai, & Sugisaki, 2012; Chiba et al., 2015; Mackas et al., 2012) . However, preliminary analyses of the plankton data from around the Aleutians showed a striking alternating odd/even year pattern in major groups of plankton rather than lower frequency, "stanza-like", patterns of variability. The most likely explanation for an alternating pattern in the marine ecosystem is from the influence of Pink Salmon.
Japanese surveys have found large numbers of Pink Salmon in the southern Bering Sea in June and July (1972-1998) , south of 62°N (Azumaya & Ishida, 2000) . Furthermore, odd year densities were five times higher than even year densities here. During a more recent period (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) , Pink Salmon densities in the central Bering Sea were approximately 40 times greater in odd years than in even years (Davis, 2003) . Effects of Pink Salmon on zooplankton biomass and chlorophyll-a concentration have also been reported for North Pacific waters just south of the Aleutian Islands from 1989 to 1994 (Shiomoto, Tadokoro, Nagasawa, & Ishida, 1997) and from 1979 to 1998 (Kobari et al., 2003) . For this period, high Pink Salmon densities in odd years were suspected of reducing the zooplankton biomass through grazing, which then allowed chlorophyll-a levels to be higher because of a lack of grazing pressure in these years. The reverse pattern was found in the even years (high zooplankton biomass and low chlorophyll-a concentrations).
In this study, we describe the likely impact of alternating high and low Pink Salmon densities on the zooplankton and phytoplankton around the Aleutian Islands (AI) as sampled by the CPR. We examine regional differences in the plankton populations and also examine the impacts on the plankton of unusual eastern Kamchatka Pink Salmon runs in 2013 and 2014. Our investigation of top-down effects of salmon on the offshore pelagic food-web has important implications for conservation and management of species of commercial, societal, and ecological importance because large numbers of hatchery salmon are released into the North Pacific each year and these fish could influence the marine ecosystem (Holt, Rutherford, & Peterman, 2008; Malick, Rutherford, & Cox, 2017) .
| MATERIALS AND METHODS
The CPR was towed behind a commercial ship through Unimak Pass and across the southern Bering Sea on route to Asia each summer (1 June to 31 August) from 2000 to 2014 (Figure 1) . Sampling occurred over just a few days in each summer, usually between 2 June and 14
July. In 2009 and 2011 sampling also occurred in August. Several vessels conducted the sampling over the time series but in each case the CPR was towed in the wake of the ship at a depth of about 7 m.
Water and associated plankton entered the front of the CPR through a small square aperture (1.27 cm 2 ), and then through silk filtering mesh (with a mesh size of 270 lm) which retained the plankton and allowed the water to exit at the back of the machine. The movement of the CPR through the water turned an external propeller which, via a drive shaft and gear-box, moved the filtering mesh across the tunnel at a rate of approximately 10 cm per 18.5 km of tow. As the filtering mesh left the tunnel it was covered by a second band of mesh so that the plankton were sandwiched between these two layers.
This mesh and plankton sandwich was then wound into a storage chamber containing buffered 40% formaldehyde preservative (which diluted in the seawater to a concentration of about 4%, sufficient to fix and preserve the plankton).
The towed mesh was processed according to standard CPR protocols (Batten et al., 2003) . It was first cut into separate samples (each representing 18.5 km of tow and about 3 m 3 of seawater filtered) and every 4th sample was randomly apportioned amongst the analysts for plankton identification and counting. The ship's log was used to determine the mid-point latitude and longitude of each sample (shown in Figure 1 ), along with the date and time.
The formaldehyde preservative used in the CPR does not fix athecate dinoflagellates so it is not possible to quantify their abundance. Hard-shelled phytoplankton were assessed under a purpose built microscope by viewing 20 fields of view (diameter 295 lm) across each sample under high magnification (9450) and recording the presence of all the taxa in each field. Presence in 20 fields is assumed to reflect a more abundant organism than presence in two fields, for example. Cell abundances per sample (H) were then estimated for each taxon according to Robinson and Hiby (1978) :
Where k is the number of empty microscope fields (out of 20)
observed. Multiplication by the proportion of the sample examined gave cell counts per sample. Total diatom abundance was calculated by summing the estimated abundances of each diatom taxon recorded, per sample, and averaging for all samples in each year/ sub-region.
Small zooplankton (less than about 2 mm) were identified and counted from a sub-sample by tracking across the filtering mesh with the microscope objective (a 2 mm diameter field of view = 2% of the sample width) and counting all zooplankton organisms encountered within the sub-sample.
All zooplankton larger than about 2 mm were removed from the mesh and counted without sub-sampling. Identification in all cases was carried out to the most detailed practicable taxonomic level and was a compromise between speed of analysis and scientific interest.
For example, since copepods make up the majority of the zooplankton and remain mostly intact after sampling, most copepods were identified to species level whilst rarer groups, or those more fragile and not preserved well by the sampling mechanism (such as chaetognaths), were identified to a lower level of resolution such as phylum.
Every fourth sample collected was processed to give plankton abundance data and the mid-point of the 18.5 km sample allocated a time, date and position. Figure 1 shows the location of all sample mid-points between 170°E and 160°W. All transects entered the Bering Sea through Unimak Pass, but the western exit varied more extensively between transects, depending on the Asian port travelled to. The region was subdivided along longitudinal lines (at 170°W and 180°) into three equal regions to examine spatial patterns in the plankton data. The eastern-most region sampled shelf and slope waters either side of Unimak Pass, while the central and westernmost regions were more deep-water.
| Community composition
For each year/region combination a mean abundance of each phyto- 
| Plankton relationships with Pink Salmon
Pink Salmon originating from the eastern Kamchatka Peninsula is the primary population occurring in the central and eastern regions of our plankton sampling area, based on tagging studies and conceptual models of salmon migrations (Myers, Aydin, Walker, Fowler, & Dahlberg, 1996; Takagi, Aro, Hartt, & Dell, 1981) . In the western region, In the Central and Eastern regions, the copepod pattern was opposite to that of diatoms, being high in even years and low in odd years (Figures 2 and 6 ). 
| Eastern Kamchatka Pink Salmon

| Plankton-Pink Salmon relationships
In the Central and Eastern regions during odd-numbered years, Pink
Salmon abundance was high, large copepod abundance was low, and large diatom abundance was high. The data for the Western region show weaker biennial patterns in both copepod and diatom abundances (Figures 2 and 6 ) and in the phytoplankton community structure (Figures 3 and 4) . The lack of a strong alternating year pattern in the plankton of the Western region may reflect the presence of both post-smolt (juvenile) and maturing Pink Salmon, including those originating from other regions of Russia (Myers et al., 1996; Takagi et al., 1981) where the odd/ even abundance pattern is weak (Figure 7) . Furthermore, Russian sci- (about 265 million fish), but tagging data indicate these stocks are distributed primarily east of our Eastern sampling region (Myers et al., 1996; Takagi et al., 1981) . The 2015 odd year run to eastern Kamchatka returned in very high numbers (Ruggerone & Irvine, 2018 ) so their decline in 2013 did not persist.
In 2014 impacts of the multi-year warm and cold stanzas in the plankton time series (Figures 2 and 6 ). Perhaps the reduced frequency of physical variability highlighted the biennial Pink Salmon signal.
Examples of trophic cascades in marine ecosystems are rare but can be found (Essington, 2010; Pershing et al., 2015) . For example;
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